ABSTRACT. Hepatozoon sp. infections were detected in two species of Japanese wild cat, Iriomote wild cat (Felis iriomotensis) and Tsushima leopard cat (Felis bengalensis euptilura), between April 1993 and October 2005. The prevalence was 56.7% (17/30) and 14.3% (6/ 42), respectively. The most affected organ was the heart; all infected animals had organisms in their hearts. The parasitizing form was schizont and various developmental stages were observed. The size of schizont and merozoite was 22.3 ± 3.1 × 15.3 ± 2.2 µm and 6.1 ± 0.6 × 2.3 ± 0.2 µm, respectively. Few inflammatory reactions against the parasites were observed. Electron microscopically, organisms were located in parasitophorous vacuoles of unidentified host cells, and mature schizonts consisted of numerous merozoites. This is the first report of hepatozoonosis in Japanese felids. KEY WORDS: Hepatozoon sp., Iriomote wild cat (Felis iriomotensis), Japan, Tsushima leopard cat (Felis bengalensis euptilura).
Hepatozoonosis is a parasitic disease caused by Hepatozoon, a genus of the apicomplexan parasites. Hepatozoonosis has been identified in various species of domestic and wild carnivores, with or without apparent clinical signs. Hepatozoon infection occurs through the ingestion of definitive hematophagous arthropod hosts, such as ticks, which contain sporulated oocysts [12] . Schizogony occurs in various organs of intermediate vertebrate hosts, and finally, merozoites invade leucocytes (in the case of Hepatozoon species that infect mammals or birds) and become gametocytes [12] .
In Japan, hepatozoonosis has been reported in domestic dog [9] , wild fox [7] , wild Japanese marten [14] , and wild Japanese black bear [13] . However, it has not yet been reported in felids including wild cats.
Two species of wild cat are present in Japan: Iriomote wild cat (Felis iriomotensis), which lives on Iriomotejima Island (Okinawa Prefecture), and Tsushima leopard cat (Felis bengalensis euptilura), which lives on Tsushima Island (Nagasaki Prefecture). The populations of both wild cats are small at present, as they live only on small islands and because their habitats have deteriorated. Therefore, various measures aiming to protect and increase their numbers have been instituted. We perform necropsies of wild cats and examine them pathologically and parasitologically in order to investigate the causes of disease or death, which are important to consider the protective measures. Although the existence of Hepatozoon-like protozoa in the heart tissue of wild cats is known, minute study of the parasite has not been performed.
The aim of the present retrospective study was to survey the prevalence of Hepatozoon sp. and to examine its pathogenicity in two species of Japanese wild cat.
MATERIALS AND METHODS

Samples:
Thirty Iriomote wild cats (18 males and 12 females) and 42 Tsushima leopard cats (17 males and 25 females) were used in this study. These wild cats were mostly killed in road accidents. They were brought into our laboratory and necropsied between April 1993 and October 2005, except for two male Tsushima leopard cats, which were necropsied at the Tsushima Wildlife Center of the Ministry of Environment of Japan (Tsushima, Nagasaki, Japan) and their formalin-fixed organs were sent to our laboratory. The following organs and tissues (samples from Iriomote wild cat and Tsushima leopard cat, respectively) were examined: heart (30, 42), cerebrum (12, 23) , lung (27, 38), liver (27, 40), spleen (24, 33), kidney (27, 40), mesenteric lymph node (18, 11), diaphragm (6, 13) , tongue (19, 23), masseter muscle (3, 3) , muscle of medial region of thigh (3, 4) and peripheral blood smear (6, 10) .
Routine Pathological Examination: All organs and tissues were fixed in 10% neutral-buffered formalin solution, dehydrated, embedded in paraffin and sectioned. Sections were deparaffinized and stained with hematoxylin & eosin (H&E) or periodic acid Schiff's (PAS) reaction. Three additional sections of heart were cut discontinuously and stained with PAS. Peripheral blood smears were stained with MayGrünwald Giemsa stain. Histopathological specimens and blood smears were examined by light microscopy. Protozoa size was measured on a computer display using a digital camera system, DP70-SET-A (KS OLYMPUS Co., Ltd., Tokyo, Japan), and are given as means ± standard deviation. The degree of Hepatozoon parasitism in the hearts was graded subjectively by observation of four PAS-stained discontinuous sections as follows: (-) sections without schizonts, (+) sections with one to two accumulations of one to two schizonts, (++) sections with one to two accumulations of numerous schizonts or sections with several accumulations of one to two schizonts, and (+++) sections with numerous accumulations of numerous schizonts (-was 0 point, + was 1 point, ++ was 2 points, +++ was 3 points). Hearts with a total of 0 points were regarded as not parasitized, 1-3 points were mildly parasitized, 4-9 points were moderately parasitized, and 10-12 points were heavily parasitized.
Immunohistochemical Analyses: Sections from six Hepatozoon-positive hearts were subjected to immunohistochemistry using the amino acid polymer method or avidin-biotinperoxidase complex (ABC) method. The amino acid polymer method using SIMPLESTAIN MAX-PO kit (Nichirei Corporation, Tokyo, Japan) was used for Toxoplasma gondii, Neospora caninum, Hammondia hammondi, Besnoitia wallacei, and Sarcocystis cruzi. Endogenous peroxidase was inactivated with 3% H 2 O 2 . 0.1% Actinase E (Kaken Pharmaceutical Co., Ltd., Tokyo, Japan) was used for antigen unmasking. Specimens were incubated with primary antibody for 30 min and with secondary antibody for 30 min. Positive reactions were colored with diaminobenzidine (DAB). In order to identify the host cell, the ABC method using a VECTASTAIN ® ABC KIT (Vector Laboratories, Inc., Burlingame, CA, U.S.A.) was used for myoglobin (marker of muscular cell), lysozyme (marker of histiocyte), factor VIII-related antigen (marker of vascular endothelial cell), and vimentin (marker of mesenchymal cells). Endogenous peroxidase was inactivated with 0.3% H 2 O 2 -methanol. Autoclaving (121°C, 10 min) was used for antigen unmasking. Sections were incubated with primary antibody overnight at 4°C. Specimens were incubated with secondary antibody for 45 min and with ABC reagent for 45 min at room temperature. Positive reactions were colored with DAB. Sections were counterstained with Meyer's hematoxylin.
Ultrastructural Analyses: A heavily parasitized heart from an Iriomote wild cat was observed by transmission electron microscope (TEM). The formalin-fixed heart was sectioned at 100 µm with microslicer, DTK-1000 (Dosaka EM, Kyoto, Japan), and then approximately 1.5-mm squares of parasitized areas were excised under a microscope. Samples were postfixed with 1% osmium tetroxide, dehydrated, and embedded in epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate, and were then observed by TEM, H-7000 (Hitachi Ltd., Tokyo, Japan).
RESULTS
Hepatozoon sp. infection was detected in 17 of 30 Iriomote wild cats (56.7%) and in 6 of 42 Tsushima leopard cats (14.3%).
The heart was most heavily parasitized; the prevalence was 56.7% (17/30) in Iriomote wild cats and 14.3% (6/42) in Tsushima leopard cats, respectively (all infected animals had Hepatozoon sp. schizonts in their hearts). In Iriomote wild cats, Hepatozoon sp. was also detected in tongue (4/ 19), masseter muscle (2/3), muscle of medial region of thigh (1/3) and diaphragm (1/6), but were not detected in other organs or peripheral blood smears. On the other hand, in Tsushima leopard cats, no schizonts were detected in any organs or tissues, except the heart.
In the heart, various developmental stages of schizont were observed ( Fig. 1 ): mononuclear parasites with larger cytoplasm, immature schizonts with peripherally arranged nuclei, maturing schizonts with immature merozoites surrounding a central residual body, mature schizonts filled with irregularly arranged merozoites, and ruptured schizonts that were releasing merozoites. These schizonts were mainly observed between cardiac muscular cells, but some may have been within cardiac muscular cells.
Schizonts and merozoites were positively stained with PAS. Schizonts were 22.3 ± 3.1 × 15.3 ± 2.2 µm (15.7-29.0 µm × 11.5-20.5 µm, n=21) and merozoites were 6.1 ± 0.6 ×2.3 ± 0.2 µm (5.4-7.0 µm × 2.0-2.5 µm, n=8).
The degree of Hepatozoon parasitism in the heart was as follows: 6 Iriomote wild cats were heavily parasitized, 8 were moderately parasitized, 3 were mildly parasitized, and the remaining hearts were not parasitized. No Tsushima leopard cats were heavily parasitized, 3 were moderately parasitized, 3 were mildly parasitized, and the remaining hearts were not parasitized. Mild infiltration of mononuclear cells and/or mild fibrosis was seen in the hearts of 4 Iriomote wild cats that were parasitized moderately to heavily and 1 Tsushima leopard cat that was moderately parasitized (Table 1) .
Immunohistochemistry showed that Hepatozoon sp. was positive for anti-N. caninum antibodies and negative for other apicomplexans. The thin membranous cytoplasm of unidentified host cell surrounding schizonts was positive for vimentin.
Under the TEM, immature organisms were located in parasitophorous vacuoles that present beside the nuclei of host cells. The host cells were spherical to oval in shape and had few characteristic features (Fig. 2) . Mature schizonts con- sisting of numerous merozoites were located in enlarged parasitophorous vacuoles, and host cell cytoplasm narrowed peripherally (Fig. 3) . Each merozoite had a single nucleus, which was spherical and chromatin-condensed, numerous micronemes, several dense bodies, a few rhoptries (Fig. 4 ) and a conoid-like structure (not illustrated).
DISCUSSION
This is the first report of Hepatozoonosis in Japanese felids.
In this study, the protozoon was identified as Hepatozoon sp. because of these features as follows: parasitizing form was schizont, most affected organ was the heart, and inflammatory reaction against protozoa was low. Several reports regarding Hepatozoon infection in felids have been published [1-3, 6, 8, 11] . However, these reports do not provide information on schizogonic stage in tissue, except two reports [3, 6] . In domestic cats in Israel, Hepatozoon sp. schizonts were found only in the heart [6] . The diameter of schizonts was 22 ± 4.8 µm and there were two types: the first type exhibited nucleated formation, resembling immature merozoites arranged as palisades inside a membrane, the center was filled with a foamy material; and the second type was schizonts with lumens either densely or loosely filled with merozoites [6] . Schizonts were located in capillaries and some were accompanied by mild infiltration of inflammatory cells [6] . These features resembled those of Hepatozoon sp. found in Japanese wild cats, except for the location of schizonts. We thought that Klopfer et al. might mistake the enlarged parasitophorous vacuole for capillary lumen because they did not use immunohistochemistry or some other reliable methods [6] . In lions in Kenya, Hepatozoon sp. only parasitized the heart, but the size of schizonts and merozoites was not described [3] .
In Japan, there have been two reports regarding the histopathology of Hepatozoon infection; in wild Japanese martens [14] and in wild Japanese black bears [13] . The most affected organ was the heart in Japanese martens and two types of nodular lesion were formed: nodules containing schizonts; and nodules consisting of accumulations of phagocytes containing merozoites or gamonts [14] . In Japanese wild cats, no nodules were formed because schizonts were somewhat scattered and the latter lesions were not observed. In Japanese black bears, Hepatozoon sp. was only detected in the lung, the size of mature meronts was 52.9 × 40.1 µm and that of merozoites was 4.9 × 2.0 µm [13] . This parasite did not react to antiserum against T. gondii or N. caninum on fluorescent antibody method [13] .
Hepatozoon in felids is sometimes regarded as H. canis. However, there are some differences, such as the parasitized region, and thus it has not yet been identified at the species level [2] . A Hepatozoon species detected in two Japanese wild cats was more similar to the Hepatozoon in domestic cats in Israel and in lions in Kenya when compared to those detected in martens or black bears in Japan, with regard to morphology and pathogenicity. However, it is difficult to precisely identify Hepatozoon species based only on morphology or pathogenicity.
Inokuma et al. analyzed the 18S rRNA gene of a Hepatozoon species infecting Japanese dogs and reported that it was a strain of H. canis, the cause of canine hepatozoonosis in Old World, and that it differed from H. americanum, the cause of American canine hepatozoonosis [5] . Gene sequence analysis may help identify the Hepatozoon sp. detected in Japanese wild cats.
In this study, we performed immunohistochemistry for five apicomplexans because anti-Hepatozoon antibody was not available. Although we expected that Hepatozoon sp. was negative for all five apicomplexans, it was positive for anti-N. caninum antibody. This result was probably crossreaction because the antibody used in this study was polyclonal, however, it was controversial. There is a report that N. caninum was positive for anti-H. americanum antibody [10] , but there is no report that Hepatozoon spp. were positive for anti-N. caninum antibody. Differences between sources of antibodies or immunohistochemical methods may cause different results.
In many schizonts, membranous host cells were positive for vimentin. This suggests that the host cells may be mesenchymal cells. Ultrastructurally, Hepatozoon were located in parasitophorous vacuoles in host cells. The host cells were spherical to oval in shape and lacked marked characteristics. As a result, we did not identify the host cells in this study.
No Hepatozoon gametocytes were found in peripheral leukocytes in this study. This may be caused by post-mortem degeneration of blood cells, but may be associated with the fact that few gametocytes were found in hepatozoonosis in domestic cats [2, 6] . Although Klopfer et al. detected schizonts in the myocardium in 36 of 100 cats, they observed no Hepatozoon gametocytes in peripheral blood smears [6] . Baneth et al. reported that they detected Hepatozoon gametocytes in 7 of 1229 cats and that the parasitizing ratio was one gametocyte per 2000-7000 leukocytes [2] .
The prevalence of Hepatozoon sp. in Iriomote wild cat is higher than that in Tsushima leopard cat (56.7% and 14.3%, respectively). Therefore, we formulated a hypothesis that number and/or species of ticks (definitive host of Hepatozoon) living on Iriomotejima Island were differ from these on Tsushima Island. However, we did not examine ticks in this study. Based on histopathological examination, the pathogenicity of Hepatozoon sp. in wild cats was apparently low. Hepatozoon sp. is probably not an important pathogen against healthy wild cats. However, increased activities of serum lactate dehydrogenase (LDH) and creatine kinase (CK), which suggest damage of muscular tissue, were observed in domestic cats having Hepatozoon gametocytes in their peripheral blood [2, 11] . Hepatozoon sp. may be potential pathogen against wild cats when they are weak or immunosuppressed. Fushuku et al. examined the sera of Iriomote wild cats [4] , but they did not examine LDH or CK. More clinicopathological information of Japanese wild cats will be needed.
